
Ammonia and nitrite acute toxicity in juvenile piavuçu Leporinus
macrocephalus (Actinopterygii, Anostomidae)

DANIEL DE SÁ BRITTO PINTO1, LUCAS CAMPOS MALTEZ1*,GIOVANNA RODRIGUES

STRINGHETTA1, LUCAS PELLEGRIN1, LILIAN FIORI NITZ1, MARIO ROBERTO CHIM

FIGUEIREDO1 & LUCIANO DE OLIVEIRA GARCIA1

1Universidade Federal do Rio Grande (FURG), Instituto de Oceanografia (IO), Laboratório de Aquicultura 
Continental (LAC), BR 392 Km 21, Rio Grande, RS, Brazil.

*Corresponding author: lucascmaltez@gmail.com 

Abstract: The present study aimed to evaluate the acute toxicity of non-ionized ammonia (NH3)
and  nitrite  (NO2

-)  in  piavuçu  Leporinus  macrocephalus juveniles.  Two  trials  (96  h)  were
performed  in  7  L aquaria  (6  fish/aquarium),  in  semi-static  systems,  with  3  replicates  per
treatment. On the first trial, the juvenile piavuçu (3.0 ± 0.3 g) were exposed to 7 concentrations
of non-ionized ammonia (control; 0.36; 1.85; 2.43; 2.80; 3.50 and 4.86 mg NH3-N L-1). On the
second trial, fish (6.7 ± 0.4 g) were exposed to 6 different nitrite concentrations (control; 80.00;
101.00; 120.50; 138.20 and 155.60 mg NO2

--N L-1). Mortality was recorded every 24 h and the
lethal concentration (LC50) was calculated by the Spearman-Karber method. The estimated LC50

of  non-ionized ammonia was 3.1,  2.9,  2.5 and 1.9 mg NH3-N L-1 at  24,  48,  72 and 96 h,
respectively. For nitrite, the estimated values were 130.0, 116.2, 105.8 and 94.4 mg NO2

--N L-1at
24, 48, 72 and 96 h, respectively. The estimated safe level for non-ionized ammonia was 0.19
mg NH3-N L-1, while for nitrite was 9.44 mg NO2

--N L-1.Visual clinical signs of intoxication
with  ammonia  (hyperexcitability,  hyperventilation,  erratic  swimming,  loss  of  equilibrium,
lethargy and coma) and nitrite (hyperventilation and lethargy) were described throughout the
experiment.  Based  on  the  present  results,  the  piavuçu  proved  to  be  a  tolerant  species  to
environmental  concentrations  of  ammonia  and  nitrite.  However,  concentrations  of  these
compounds should not exceed 0.19 mg NH3-N L-1 and 9.44 mg NO2

--N L-1. 
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Resumo:  Toxicidade  aguda  de  amônia  e  nitrito  em  juvenis  de  piavuçu  Leporinus
macrocephalus (Actinopterygii, Anostomidae). O presente trabalho teve como objetivo avaliar
a toxicidade aguda da amônia não-ionizada (NH3) e nitrito (NO2

-) em juvenis de  Leporinus
macrocephalus.  Dois  experimentos  (96  h)  foram  realizados  em  aquários  de  7  L  (6
peixes/aquário),  em  sistema  semi-estático,  com  3  repetições  por  tratamento.  No  primeiro
experimento, os juvenis de piavuçu (3,0 ± 0,3 g) foram expostos a 7 concentrações de amônia
não-ionizada  (controle;  0,36;  1,85;  2,43;  2,80;  3,5  e  4,86  mg  NH3-N  L-1).  No  segundo
experimento,  os peixes (6,7 ± 0,4 g) foram expostos a 6 diferentes concentrações de nitrito
(controle; 80; 101;120,5;138,2 e 155,5 mg NO2

--N L-1). As mortalidades foram registradas a
cada 24 h e a concentração letal (CL50) foi calculada pelo método Spearman–Karber. A CL50

estimada para amônia não-ionizada foi de 3,1; 2,9; 2,5 e 1,9 mg L -1 NH3 para 24, 48, 72 e 96 h,
respectivamente. Já para o nitrito, os valores estimados da CL50 foram 130,0; 116,2; 105,77 e
94,4 mg L-1 para 24, 48, 72 e 96 h, respectivamente. O nível de segurança estimado para amônia
não-ionizada foi de 0.19 mg NH3-N L-1, enquanto para o nitrito este valor foi de 9.44 mg NO2

--N
L-1. Sintomas visuais de intoxicação com amônia (hiperexcitabilidade, hiperventilação, natação
errática, perda do equilíbrio, letargia e coma) e nitrito (hiperventilação e letargia) foram
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observados  durante  o  período experimental.  Com base  nos  presentes  resultados,  o  piavuçu
demonstrou ser uma espécie tolerante a amônia e ao nitrito, entretanto as concentrações destes
compostos não devem exceder 0,19 mg L-1 de NH3-N e 9,44 mg L-1 NO2—N.

Palavras chave: composto nitrogenado, mortalidade, aquicultura, sistema intensivo

Introduction
In  modern  fish-farming,  which  aims  to

increase  productivity,  one  of  its  traits  is  the
utilization  of  intensive  farming  systems  with  high
stocking densities.  In these conditions, the farming
water  quality  and  the  animal  welfare  may  be
compromised  by  the  accumulation  of  nitrogenous
compounds in the system (Van De Nieuwegiessen et
al.  2008; Hosfeld  et al. 2009; Szczepkowski  et al.
2011).

The  existence  of  high  levels  of  nitrogenous
wastes in the water of natural environments can be
attributed to the metabolism of the animals, urban,
industrial and agricultural flows and decomposition
of  organic  wastes  (Randall  &  Tsui  2002).  In
confined spaces, the increase in the concentration of
these compounds  in the water can be related to the
high  density  of  the  animals  and  to  the  diets
formulated for fish with high levels of protein (NRC
1983), and may also result from the decomposition
of  organic  matter  (Durborow  et  al.,  1997).  Food
proteins are metabolized  (Van Waarde 1983; Wicks
et al. 2002) and after the process of deamidation the
excess  nitrogen  is  excreted  through  the  gills
(Dabrowski 1986), mainly in the form of ammonia,
which  represents  about  80%  of  the  nitrogenous
compounds excreted by most fish species (Carter et
al.1998;  Weihrauch  et  al.  2009;  Dolomatov  et  al.
2011).

The  presence  of  ammonia  in  the  farming
environment  must  be  considered  important  and
monitored  periodically  (Roumieh  et  al.  2012),
because it is the nitrogenous compound that shows
the  highest  toxicity  (Randall  &  Tsui  2002).
Ammonia occurs in two forms in the environment
and their  toxicity  is  related  to  the  balance  among
non-ionized  (NH3)  and  ionized  (NH4

+)  forms,  that
depends on pH, temperature and salinity. The form
NH3 shows greater risk of toxicity due to its easiness
of  diffusion  through  membranes  (Randall  &  Tsui
2002).

Moreover,  in  freshwater  fish,  ammonia
excretion  occurs  by  diffusion  due  to  the  NH3

favorable  concentration  gradient.  When  the
environment contains an elevated NH3

 concentration,
this  may  cause  a  reduction  in  the  excretion,
promoting accumulation in the blood and tissues of
fish (Wilkie & Wood 1996).

Nitrite is an intermediate compound that may
occur in the water or in the soil by the processes of
nitrification, denitrification and reduction of nitrate
to  ammonia,  being  dissimilatory  or  assimilatory
(Philips  et  al.  2002).  In  the  aquatic  environment,
during  the  nitrogen  cycle,  ammonia  tends  to  be
oxidized  to  nitrite  by  the  action  of  nitrifying
bacteria, especially the Nitrossomonas genus, which
through  aerobic  action  transform  NH4

+  into  NO2
-

(Teske et al. 1994; Jensen 2003). In fish farms that
use water recirculation system, the accumulation of
high  levels  of  nitrite  may  occur  (Kroupova  et  al.
2005).

Nitrite  can  be  absorbed  by  diffusion  in  the
gills  due  to  its  affinity  with  the  gill’s  chloride
exchanger (Cl–  / HCO3

–) and through the intestinal
epithelium  of  the  fish,  affecting  multiple
physiological functions (Jensen 2003; Kroupova  et
al. 2005). However, its main mechanism of toxicity
is related to its ability to oxidize the iron that makes
up  hemoglobin  to  form  methemoglobin,  a  form
incapable of carrying oxygen to tissues (Hilmy et al.
1987; Jensen 2003; Madison & Wang 2006).

Exposure to nitrite and ammonia may cause
various behavioral and physiological changes in fish
that  may  lead  to  growth  reduction,  immune
impairment  and  even  the  death  of  the  animals
(Wicks  et al. 2002; Chew et al. 2006). Information
on the tolerance to ammonia and nitrite estimated by
lethal concentration studies are extremely important,
and studies have been done in several fish species
(Barbieri  &  Doi  2012;  Devaraj  et  al.  2014;
Rodrigues  et al. 2014;  Medeiros  et al. 2015; Wang
et al. 2015).

Among  the  Brazilian  native  species  with
potential for intensification of aquaculture stands out
the  piavuçu  Leporinus  macrocephalus
(Anostomidae,  Garavello  &  Britski  1988)
(Baldisserotto & Gomes 2005). It is a species from
the  Paraguay  River  Basin,  which  presents  rapid
growth  in  the  early  stages  (Garavello  &  Britski
1988),  good performance  indexes,  and  rusticity  to
handling  (Feiden  et  al.  2009).  It  also  has  a  great
capacity  of  metabolizing  protein  and  energy  from
plants in post-larval and later stages (Navarro et al.
2006; Rodrigues et al. 2006).

However, there is still little information about
its  tolerance  to  water  quality  parameters,  and  the
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toxicity  of  ammonia  and  nitrite  has  not  been
evaluated for this species. Thus, the aim of this study
was to determine the acute toxicity of non-ionized
ammonia and nitrite to piavuçu juvenile stages,  to
provide  information  for  the  establishment  of
desirable  levels  of  these  compounds  in  farming
systems. 

Material and methods
The  piavuçu  Leporinus  macrocephalus

juveniles  were  purchased  from  a  commercial  fish
farming (Piscicultura Águas do Vale®, Mato Leitão,
RS) and transported to the Continental Aquaculture
Laboratory – LAC (32° 5’ 11”S, 52° 13’ 9”O) from
the Federal  University of Rio Grande (FURG). At
LAC the animals stayed in quarantine (stock density
- 0.23 g L-1) in a 7 m3 tank , with water recirculation
through mechanical and biological filters, subject to
constant  aeration  (dissolved  oxygen  >7.0  mg  L-1)
and controlled temperature (27.04 ± 1.02 ºC). Fish
were fed once a day with a commercial diet (38% of
crude protein). 

Two  experiments  were  performed  for  the
determination of the LC50 of ammonia (experiment
1) and nitrite (experiment 2). For experiment 1, 126
juvenile piavuçu (3.0 ± 0.3 g; stock density: 2.57 g
L-1) were distributed in 21 experimental units (7 L),
while for experiment 2, 108 fish (6.7 ± 0.4 g; stock
density:  5.74  g  L-1)  were  distributed  in  18
experimental units (7 L). 

Fish were exposed to seven concentrations of
ammonia in the experiment 1 (control – 0.01 ± 0.01;
0.36 ± 0.04; 1.85 ± 0.25; 2.43 ± 0.35; 2.80 ± 0.36;
3.50 ± 0.44; 4.86 ± 0.33  mg NH3-N L-1) and to six
concentrations of nitrite in the experiment 2 (control
– 0.00 ± 0.00; 80.00 ± 3.51; 101.00 ± 4.85; 120.50 ±
5.73; 138.2 ± 3.38; 155.6 ± 3.25 mg NO2

--N L-1), in
triplicate,  for  96  h.  The  desired  concentrations  of
NH3-N and NO2

--N were obtained with the addition
of ammonium chloride and sodium nitrite solutions
to the water, respectively, or water exchange, when
necessary.

The water quality parameters, temperature and
dissolved oxygen (Digital Oximeter YSI EcoSense®
DO200A),  pH  (Digital  pHmeter  Hanna
Instruments®  HI  8424),  total  ammonia  (Unesco
1983),  non-ionized  ammonia  (Colt  2002),  nitrite
(Bendschneider  &  Robinson  1952)  and  total
alkalinity (Eaton  et al. 2005) were monitored daily.
Throughout  the  experimental  period,  the  water
quality parameters in both trials (Table I) remained

within  levels  considered  desirable  for  tropical
freshwater  fish  (Boyd  &  Tucker  2012).  The
photoperiod remained 12 h light and 12 h dark. The
animals  were  fasted  24  h  before  the  beginning  of
trials and throughout the 96 h exposure. 

The mortality data were recorded every 24 h
and the LC50 and its  confidence interval (CI 95%)
was estimated by the Spearman-Karber (Hamilton et
al.  1977).  The  safe  level  was  estimated  from  the
multiplication of the LC50 by the application factor
(0.1),  according  to  Sprague  (1971).  Fish  behavior
was also monitored daily for 30 min (Ferreira et al.
2013). The fish in the control treatments served as a
reference to indentify clinical signs of intoxication in
those  exposed  to  the  different  concentrations  of
non-ionized  ammonia  and  nitrite  (Absalom  et  al.
2013).

Table  I.  Water  quality  parameters  (means  ±  standard
deviation) during experimental period.

Parameters
Experiment

1 2

Temperature (ºC) 23.38 ± 0.58 22.98 ± 0.21

pH 7.61 ± 0.06 7.65 ± 0.13

Alkalinity (mg CaCO3 L-1) 60.57 ± 5.51 63.30 ± 1.07

Dissolved oxygen (mg L-1) 8.15 ± 0.68 7.78 ± 0.14

Results
The  data  of  cumulative  mortality  related  to

each treatment  throughout  the  experimental  period
are shown in tables II and III. The estimated LC50 for
ammonia  and  its  respective  confidence  intervals
were 3.1 (3.1-2.9),  2.9 (2.9-2.7),  2.5 (2.6-2.3) and
1.9 (2.2-1.6) mg NH3-N L-1 for 24, 48, 72 and 96 h,
respectively  (Table  II).  For  nitrite,  the  following
values  were  estimated  130  (140.0-122.2),  116.2
(122.3-110.5), 105.77 (111.5-100.3) and 94.4 (108.5-
82.0)  mg  NO2

--N  L-1 for  24,  48,  72  and  96  h,
respectively (Table III). The estimated safe level for
non-ionized ammonia was 0.19 mg NH3-N L-1, while
for nitrite was 9.44 mg NO2

--N L-1.
During  the  ammonia  exposure,  in  all  tested

concentrations, except in the lowest (0.36 mg NH3-N
L-1),  fish  presented  clinical  signs  of  intoxication,
such  as  hyperexcitability,  hyperventilation,  erratic
swimming, loss of equilibrium, lethargy and coma.
In  the  nitrite  exposure  experiment,  only
hyperventilation and lethargy were observed in fish
in  all  tested  concentrations  (80.00  –  155.60  mg
NO2

--N L-1). 

Table II.  Results  of  cumulative mortality  throughout  96h of  exposure to  different  concentrations of  non-
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ionized (mg NH3-N L-1) and estimated LC50 (mg NH3-N L-1) with confidence intervals.
Cumulative Mortality (%) 

Hours 0.01 0.36 1.85 2.43 2.80 3.50 4.86 LC50

24 0 0 0 0 27.75 88.88 100 3.1 (3.2 – 2.9)

48 0 0 0 0 61.05 100 100 2.8 (2.9 – 2.7)

72 0 0 0 38.88 83.25 100 100 2.5 (2.6 – 2.3)

96 0 0 16.66 77.77 100 100 100 1.9 (2.2 – 1.6)

Table III. Results of cumulative mortality throughout 96h of exposure to different concentrations of nitrite (mg
NO2

--N L-1) and estimated LC50 (mg NO2
--N L-1) with confidence intervals.

Cumulative Mortality (%) 

Hours 0.00 80.00 101.00 120.50 138.20 155.60 CL 50

24 0 0 0 55.55 94.44 100 130.0 (140 – 122.2)

48 0 0 16.66 77.77 94.44 100 116.2 (122.3 – 110.5)

72 0 0 33.33 88.88 100 100 105.8 (111.5 – 100.3)

96 0 33.33 55.55 88.88 100 100 94.4 0(108.5 – 82)

Discussion
The toxicity of non-ionized ammonia may be

influenced  by  environmental  parameters,  such  as
salinity  (Costa  et  al.  2008,  Barbieri  & Doi 2012),
temperature  (Barbieri  &  Bondioli  2015)  and  pH
(Miron et al. 2008; Chezhian et al. 2012), and other
factors  like  life  stage  and  size  of  the  animals
(Gomulka et al. 2014; Wang et al. 2015), making it
difficult  to compare between results from different
studies. However, in general, for freshwater fish, the
values  of  LC50-96h described  in  the  literature  vary
from 0.16 mg L-1, for more sensitive species like the
trout  (Thurston  & Russo  1983),  to  3.4  mg  L-1 as
described by Thurston  et al. (1981) for  Pimephales
promelas (cyprinidae, Rafinesque, 1820). 

When  compared  to  LC50-96h (0.27  mg  L-1)
obtained by Copatti et al. (2015) for another species
of  the  same  genus,  L.  obtusidens (Anostomidae,
Valenciennes,  1837),  L.  macrocephalus presented
higher  tolerance  to  NH3.  Studies  with  juvenile  of
other freshwater species, performed in warm waters
and in similar pH conditions to this study, Miron et
al. (2008) reported that for juvenile Rhamdia quelen
(Pimelodidae,  Quoy  &  Gaimard,  1824),  the
estimated LC50-96h was 1.45 mg L-1, while Evans  et
al. (2006) demonstrated that for tilapia Oreochromis
niloticus (Cichlidae,  Linnaeus,  1758)  this  value  is
0.98 mg L-1, similar to the obtained for common carp
Cyprinus carpio (Cyprininae, Linnaeus, 1758) (0.93
mg  L-1)  by  Abbas  (2006).  The  cardinal  tetra
Paracheirodon axelrodi (Characidae, Schultz, 1956),
Amazon  ornamental  species,  has  shown  higher
sensitivity  to  non-ionized ammonia with a  LC50-96h

calculated in 0.36 mg L-1  (Oliveira et al. 2008). The

result found for juvenile piavuçu (1.9 mg L-1) in the
present experimental condition demonstrates that the
species  shows  elevated  tolerance  to  non-ionized
ammonia in the water. 

The nitrite toxicity for fish has been widely
discussed and among the toxic  effects  of  nitrite  it
must  be  emphasized  the  oxidation  of  hemoglobin
into  methemoglobin,  a  form  unable  to  bind  with
oxygen  (Urrutia  &  Tomasso  1987;  Wuertz  et  al.
2013; Park et al. 2013; Saoud et al. 2014; Ciji et al.
2015). The toxicity of nitrite can be influenced by
salinity,  presenting  an  inversely  proportional
relationship  as  per  some  studies  have  shown
(Atwood et al. 2001; Kroupova et al. 2005; Costa et
al.  2008; Wuertz  et al.  2013), which is due to the
affinity  that  nitrite  presents  with  the  channels  of
chloride  uptake  located  in  the  gills  (Tomasso  &
Grosell  2005).  Thus,  the  nitrite  accumulation
becomes  a  potential  problem  and  requires  greater
attention in the farming of freshwater species such
as the piavuçu.

The results of the present study demonstrated
that for L. mracocephalus the nitrite LC50-96h is 94.4
mg  L-1.  Other  freshwater  species  present  an  even
higher tolerance to this compound, such as  Channa
striata (Channidae, Bloch, 1793),  whit a LC50-96h of
216.22  mg L-1  (Lefevre  et  al.  2012),  Micropterus
salmoides (Centrarchidae, Lacepède, 1802), with the
reported value of 140 mg L-1  (Palachek & Tomasso
1984)  and  zebra-fish  Danio  rerio (Cyprinidae,
Hamilton, 1822) (242.55 mg L-1) (Doleželová et al.
2011). However, when compared to species such as
Oncorhynchus mykiss (Salmonidae, Walbaum, 1792)
and  Oncorrhynchus  clarkii  (Salmonidae,
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Richardson, 1836) (<1  mg L-1) (Russo  et al.  1974;
Thurston et al. 1978), Rhamdia quelen (20.46 mg L-

1)  (Lima  et  al.  2011),  Colossoma  macropomum
(Characidae,Cuvier, 1816) (5.98 mg L-1) (Costa et al.
2004)  and  Brycon  cephalus (Characidae,  Günther,
1869) (0.86 mg L-1) (Avilez et al. 2004), it is evident
that  the  piavuçu  is  a  species  that  shows  elevated
tolerance to nitrite in the environment.

In the absence of studies assessing the chronic
or  sub-lethal  effects  of  the  exposure  to  a  specific
compound,  the  estimated  LC50 provides  relevant
information that  may be  used to  determine  a  safe
level,  according to what  proposed Sprague (1971).
The  present  results  suggest  that  concentrations
above 0.19 mg NH3-N L-1 and 9.44 mg NO2

--N L-1,
may cause deleterious  effects  for  juvenile  piavuçu
and  should  be  avoided  in  aquaculture  farming
systems. In recent years, the production in intensive
systems  such  as  recirculation  aquaculture  system
(RAS) has  been developed to increase production,
animal  welfare  and  environmental  sustainability.
However,  lethal  or  sublethal  NH3 and  NO2

- levels
may occur, if the biofilters are not mature or poorly
designed  (Martins  et  al. 2010).  Thus,  the
determination  of  ammonia  and  nitrite  safe  levels
provides  relevant  information  for  the  proper
planning and management of production systems to
maintain concentrations  within desirable  levels  for
the species.

The observation of behavioral changes can be
a useful and practical tool used by fish farmers to
identify  undesirable  levels  of  nitrogenous
compounds and fish welfare in production systems
(Rodrigues  et  al. 2011;  Martins  et  al. 2012).
Similarly  as  described  for  other  species  (Knoph
1992; Benli & Koksal 2005; Xu et al. 2005; Hanna
et al. 2013; Zang et al. 2013; Medeiros et al. 2015),
the  juvenile  piavuçu exposed to  ammonia  showed
various clinical signs, such as hyperexcitability with
higher  swimming  activity  and  constant  leaping,
hyperventilation,  erratic  swimming,  loss  of
equilibrium and lethargy. In addition, before death,
fish  went  through  a  brief  period  of  coma  state,
characterized  by  the  absence  of  movements  and
response  to  mechanical  stimuli,  only  remaining  a
reduced opercular beat (Knoph 1992).

During the exposure to nitrite it was observed
that the juvenile piavuçu presented hyperventilation
and  reduced  their  swimming  activity,  which  is
according  to  what  was  described  for  other  fish
species  (Williams  et al.  1997; Lefevre  et al.  2011;
Wuertz  et al. 2013). These behavioral changes may
indicate an attempt of raising the oxygen transport

by the increase of ventilation rates  (Aggergaard &
Jensen  2001)  and  of  reducing  its  consumption  by
decreasing its metabolism (Espina & Alcaraz 1993),
thus  minimizing  the  effects  of  hypoxia  due  to
methemoglobin formation. 

The results of the present study demonstrate
that piavuçu is a species that shows good resistance
to  ammonia  and  nitrite  in  the  water.  However,
concentrations above 0.19 mg L-1 NH3-N and 9.44
mg L-1 NO2

--N must be avoided to prevent possible
deleterious  effects  to  fish  welfare.  Future  studies
must  be  performed  to  elucidate  the  physiological
mechanisms involved in the high tolerance of this
species  to  nitrogenous  compounds,  as  well  as  the
effects  of  exposure  to  sublethal  levels  and  its
possible  implications  over  the  welfare  and
productive performance of fish. 

Acknowledgements
This  study was supported by research funds

from  Conselho  Nacional  de  Pesquisa  e
Desenvolvimento  Científico  (CNPq)  and
Coordenação  de  Aperfeiçoamento  de  Pessoal  de
Nível  Superior (CAPES).  Luciano Garcia  received
CNPq research fellowships. 

References
Abbas,  H.  H. 2006.  Acute toxicity  of ammonia to

common  carp.  Pakistan  Journal  of
Biological Sciences, 9(12): 2215-2221.

Absalom, K. V., Nwadiro, P. O., & Wophill, N. 2013.
Toxicity  of  Aqueous  Extract  of  Desert  Date
(Balanites  Aegyptiaca  Linnaeus)  On  the
Juveniles  of  Catfish  (Clarias  Gariepinus
Teugels, 1986).  Journal of Agriculture and
Veterinary Science, 3(3):13-18.

Aggergaard,  S.,  &  Jensen,  F.  B.  2001.
Cardiovascular  changes  and  physiological
response  during  nitrite  exposure  in  rainbow
trout. Journal of Fish Biology, 59(1): 13-27.

Atwood, H. L., Fontenot, Q. C., Tomasso, J. R., &
Isely,  J.  J.  2001.  Toxicity  of  nitrite  to  Nile
tilapia: Effect of fish size and environmental
chloride.  North  American  Journal  of
Aquaculture, 63(1): 49-51.

Avilez,  I.  M.,  Aguiar,  L.  H.  D.,  Altran,  A.  E.,  &
Moraes, G. 2004. Acute toxicity of nitrite to
matrinxã,  Brycon  cephalus (Günther,  1869),
(Teleostei-Characidae). Ciência Rural, 34(6):
1753-1756.

Baldisserotto,  B.  &  Gomes,  L.C.  2005.  Espécies
nativas  para  piscicultura  no  Brasil.  Santa
Maria, Brazil, 470 p.

Pan-American Journal of Aquatic Sciences (2016), 11(4): 292-300



Ammonia and nitrite toxicity in piavuçu 297

Barbieri,  E.  &  Bondioli,  A.  C.  V.  2015.  Acute
toxicity of ammonia in Pacu fish (Piaractus
mesopotamicus, Holmberg, 1887) at different
temperature  levels.  Aquaculture  Research,
46(3): 565-571.

Barbieri,  E.  & Doi,  S.  A.  2012.  Acute  toxicity  of
ammonia  on  juvenile  Cobia  (Rachycentron
canadum,  Linnaeus,  1766)  according  to  the
salinity.  Aquaculture  International,  20(2):
373-382.

Bendschneider,  K.  & Robinson R. J.  1952.  A new
spectrophotometric  method  for  the
determination of nitrite in sea water.  Journal
of Marine Research, 11: 87-96.

Benli,  A.  Ç.  K.  &  Köksal,  G.  2005.  The  acute
toxicity of ammonia on tilapia (Oreochromis
niloticus L.)  larvae and fingerlings.  Turkish
Journal of Veterinary and Animal Sciences,
29(2): 339-344.

Boyd,  C.  E.  &  Tucker,  C.  S.  2012.  Pond
aquaculture  water  quality  management.
Springer  Verlag  New  York  Inc,  New  York,
USA, 715 p.

Carter, C. G., Houliban, D. F.  & Owen, S. F. 1998.
Protein synthesis, nitrogen excretion and long-
term growth of  juvenile  Pleuronectes  flesus.
Journal of Fish Biology, 5: 272–284.

Chew, S. F., Wilson, J. M., Ip, Y. K. & Randall, D. J.
Nitrogenous  excretion  and  defense  against
ammonia  toxicity.  Pp.  307-395.  In:  Val,  A.,
Almeida-Val, V. & Randall, D. J. (Ed.).  Fish
physiology.  The  physiology  of  tropical
fishes. New York: Academic Press, New York,
USA, 400 p.

Chezhian,  A.,  Senthamilselvan,  D.  &  Kabilan,  N.
2012.  Histological  changes  induced  by
ammonia and ph on the gills  of  fresh water
fish  Cyprinus  carpio  var.  communis
(Linnaeus).  Asian  Journal  of  Animal  and
Veterinary Advances, 7: 588-596.

Ciji,  A.,  Sahu,  N.  P.,  Pal,  A.  K.  & Akhtar,  M.  S.
2015. Dietary L-tryptophan modulates growth
and immuno-metabolic status of Labeo rohita
juveniles  exposed  to  nitrite.  Aquaculture
Research, 46(8): 2013-2024.

Colt, J. 2002.  List of spreadsheets prepared as a
complement  to  the  book  Fish  Hatchery
Management.  Wedemeyer,  G.A.  (Ed.)
American Fisheries  Society Publication,  751
p. 

       Accessible  at
http://www.fisheries.org/afs/hatchery.html
(Accessed and download in 21/09/2013).

Copatti, C. E., dos Santos Bolner, K. C., de Rosso, F.
L.,  Loro,  V.  L.,  & Baldisserotto,  B.  (2015).
Tolerância de juvenis de piava para diferentes
concentrações  de  amônia  na  água.  Semina:
Ciências Agrárias, 36(6), 3991-4002.

Costa, L. D. F., Miranda-Filho, K. C., Severo, M. P.
& Sampaio, L. A. 2008. Tolerance of juvenile
pompano  Trachinotus  marginatus to  acute
ammonia  and  nitrite  exposure  at  different
salinity levels. Aquaculture, 285(1): 270-272.

Costa,  O.  T.  F.,  Dos  Santos  Ferreira,  D.  J.,
Mendonça, F. L. P. & FERNANDES, M. N.
2004.  Susceptibility  of  the  Amazonian  fish,
Colossoma macropomum (Serrasalminae),  to
short-term exposure  to  nitrite.  Aquaculture,
232(1): 627-636.

Dabrowski,  K.  R.  1986.  Active  metabolism larval
and juvenile fish: ontogenetic changes, effect
of  water  temperature  and  fasting.  Fish
Physiology and Biochemistry, 1: 125–144.

Devaraj,  S.,  Arulprakasam,  C.,  Kandhan,  A.  P.,
Neelamegam,  K.  &  Kalaiselvan,  R.  2014.
Toxicological effects of ammonia on gills of
Cyprinus  carpio var.  communis (Linn.).
Journal of Coastal Life Medicine, 2(2): 94-
98.

Doleželová,  P.,  Mácová,  S.,  Pištěková,  V.,
Svobodová, Z., Bedáňová, I., & Voslářová, E.
(2011).  Nitrite  toxicity  assessment  in  Danio
rerio and Poecilia reticulata. Acta Veterinaria
Brno, 80(3), 309-312.

Dolomatov,  S.  I.,  Shekk,  P.  V.,  Zukow,  W.,  &
Kryukova,  M.  I.  2011.  Features  of  nitrogen
metabolism  in  fishes.  Reviews  in  Fish
Biology and Fisheries, 21(4): 733-737.

Durborow R. M., Crosby D. M. & Brunson M. W.
1997.  Ammonia in fish ponds.  (Ed).  SRAC;
463 p.

Eaton,  A.  D.,  Clesceri,  L.  S.,  Rice  E.  W.  &
Greenberg,  A. E.   2005.  Standard methods
for  the  examination  of  water  and
wastewater.  21st  edition,  American  Public
Health Association, USA, 1325 p.

Espina, S. & Alcaraz, G. 1993. Effect of nitrite on
the  respiratory  responses  of  grass  carp
Ctenopharyngodon idella (Val.) with relation
to chloride.  Comparative Biochemistry and
Physiology, 106C: 761–764.

Evans, J. J., Pasnik, D. J., Brill, G. C. & Klesius, P.
H.  2006.  Un-ionized  ammonia  exposure  in
Nile  tilapia:  toxicity,  stress  response,  and
susceptibility  to  Streptococcus  agalactiae.
North  American  Journal  of  Aquaculture,

Pan-American Journal of Aquatic Sciences (2016), 11(4): 292-300



298 D.DE SÁ BRITTO-PINTO ET AL.

68(1): 23-33.
Feiden, A., Signor, A.A., Boscolo, W.R., Signor, A.

& Reidel, A. 2009.  Exigência de proteína de
alevinos  de  piavuçu.  Ciência  Rural,
39(3):859-865.

Ferreira, F. W., da Cunha, R. B., & Baldisserotto, B.
2013.  The  survival  and  growth  of  juvenile
silver  catfish,  Rhamdia  quelen,  exposed  to
different NH3 and hardness levels. Journal of
the  World  Aquaculture  Society,  44(2):  293-
299.

Garavello,  J.  C.  & Britski,  H.  A. 1988.  Leporinus
macrocephalus sp. da Bacia do Rio Paraguai
(Ostariophysi,  Anastomidae).  Naturalia,  13:
67-74.

Gomułka, P., Żarski, D., Kupren, K.,  Krejszeff, S.,
Targońska, K. & Kucharczyk, D. 2014. Acute
ammonia toxicity during early ontogeny of ide
Leuciscus  idus (Cyprinidae).  Aquaculture
International, 22(1): 225-233.

Hamilton, M. A., Russo, R. C. & Thurston, V. 1977.
Trimed  Spearman-Karber  method  for
estimating  medial  lethal  concentrations  in
toxicology  bioassays.  Environmental
Science & Technology, 7: 714-719.

Hanna, M. I., El-Maedawy, S. A., Kenawy, A. M. &
Girgis, S. M. 2013. Sublethal Effects of Acute
Ammonia Exposure on Oreochromis niloticus.
Global Veterinaria, 11(5): 592-603.

Hilmy, A.  M.,  El-Domiaty,  N.  A.  & Wershana,  K.
1987. Acute and chronic toxicity of nitrite to
Clarias  lazera.  Comparative  Biochemistry
and  Physiology  Part  C:  Comparative
Pharmacology, 86(2): 247-253.

Hosfeld,  C.  D.,  Hammer,  J.,  Handeland,  S.  O.,
Fivelstad, S. & Stefansson, S. O. 2009. Effects
of fish density on growth and smoltification in
intensive  production  of  Atlantic  salmon
(Salmo salar L.).  Aquaculture, 294(3): 236-
241.

Knoph, M. B. 1992. Acute toxicity of ammonia to
Atlantic  salmon  (Salmo  salar)  parr.
Comparative  Biochemistry  and  Physiology
Part  C:  Comparative  Pharmacology,
101(2): 275-282.

Kroupova, H., Machova, J. & Svobodova, Z. 2005.
Nitrite  influence  on  fish:  a  review.
Veterinární  Medicína  -  International
Journal  for  Veterinary  and  Biomedical
Science, 50(11): 461.

Jensen,  F.  B.  2003.  Nitrite  disrupts  multiple
physiological  functions  in  aquatic  animals.
Comparative Biochemistry and Physiology:

Part A, 135: 9-24.
Lefevre, S., Jensen, F. B., Huong, D. T., Wang, T.,

Phuong, N. T. & Bayley, M. 2011. Effects of
nitrite  exposure  on  functional  haemoglobin
levels,  bimodal  respiration,  and  swimming
performance  in  the  facultative  air-breathing
fish  Pangasianodon hypophthalmus.  Aquatic
Toxicology, 104(1): 86-93.

Lefevre, S., Jensen, F. B., Huong, D. T., Wang, T.,
Phuong,  N.  T.  &  Bayley,  M.  2012.
Haematological and ion regulatory effects of
nitrite  in  the  air-breathing  snakehead  fish
Channa striata. Aquatic Toxicology, 118: 48-
53.

Lima, R. L. D., Braun, N., Kochhann, D., Lazzari,
R., Radünz Neto, J., Moraes, B. S., Loro, V. L.
&  Baldisserotto,  B.  2011.  Survival,  growth
and  metabolic  parameters  of  silver  catfish,
Rhamdia  quelen,  juveniles  exposed  to
different  waterborne  nitrite  levels.
Neotropical Ichthyology, 9(1): 147-152.

Madison, B. N. & Wang, Y. S. 2006. Haematological
responses of acute nitrite exposure in walleye
(Sander vitreus).  Aquatic  toxicology,  79(1):
16-23.

Martins, C. I. M., Eding, P. & Verreth, J. A. J. 2010.
The  effect  of  recirculating  aquaculture
systems on the concentrations of heavy metals
in  culture  water  and  tissues  of  Nile  tilapia
Oreochromis  niloticus.  Food
Chemistry,126:1001-1005

Martins, C. I., Galhardo, L., Noble, C.,  Damsgård,
B.,  Spedicato,  M.  T.,  Zupa,  W.,  Marilyn
Beauchaud,  M.,  Kulczykowska,  E.,
Massabuau,  J.,  Carter,  T.,  Planellas, S.  R.  &
Kristiansen,  T.  2012.  Behavioural  indicators
of  welfare  in  farmed  fish.  Fish  Physiology
and Biochemistry, 38(1): 17-41.

Medeiros,  R.  S.,  Lopez,  B.  A.,  Sampaio,  L.  A.,
Romano,  L.  A.  &  Rodrigues,  R.  V.  2015.
Ammonia  and  nitrite  toxicity  to  false
clownfish Amphiprion ocellaris. Aquaculture
International, 1-9.

Miron, D. D. S., Moraes, B., Becker, A. G., Crestani,
M.,  Spanevello,  R.,  Loro,  V.  L.,  &
Baldisserotto,  B.  2008.  Ammonia  and  pH
effects on some metabolic parameters and gill
histology  of  silver  catfish,  Rhamdia  quelen
(Heptapteridae).  Aquaculture,  277(3):  192-
196.

Navarro,  R.  D.,  Matta,  S.  L.  P.,  Lanna,  E.  A.  T.,
Donzele, J. L., Rodrigues, S. S., Silva, R. F. &
Ribeiro  Filho,  O.  2006.  Níveis  de  energia

Pan-American Journal of Aquatic Sciences (2016), 11(4): 292-300



Ammonia and nitrite toxicity in piavuçu 299

digestível  na  dieta  de  piauçu  (Leporinus
macrocephalus) no desenvolvimento testicular
em  estágio  pós-larval.  Zootecnia  Tropical,
24(2): 153-163. 

NRC. 1983. Nutrient requirements of warmwater
fishes and shellfishes.  National Academy of
Press, Washington DC, USA, 102 p.

Oliveira, S. R. D., Souza, R. T. Y. B. D., Nunes, É.
D. S. S., Carvalho, C. S. M. D., Menezes, G.
C. D., Marcon, J. L., Roubach, R., Ono, E. A.
&  Affonso,  E.  G.  2008.  Tolerance  to
temperature,  pH,  ammonia  and  nitrite  in
cardinal  tetra,  Paracheirodon  axelrodi,  an
amazonian ornamental fish. Acta Amazonica,
38(4): 773-779.

Palachek, R. M. & Tomasso, J. R. 1984. Toxicity of
nitrite to channel catfish (Ictalurus punctatus),
tilapia  (Tilapia  aurea),  and  largemouth  bass
(Micropterus salmoides): evidence for a nitrite
exclusion mechanism.  Canadian Journal of
Fisheries  and  Aquatic  Sciences,  41(12):
1739-1744.

Park, I. S., Goo, I. B., Kim, Y. J., Choi, J. W. & Oh,
J.  S.  2013.  Hematological  constituents  and
ultrastructural  changes  in  dark-banded
rockfish, Sebastes inermis, under nitrite stress.
Journal of Fish Pathology, 26(1): 1-9.

Philips, S., Laanbroek H. J. & Verstraete W. 2002.
Origin, causes and effects of increased nitrite
concentrations  in  aquatic  environments.
Reviews  in  Environmental  Science  and
Biotechnology, 1: 115-141.

Randall,  D.  J.  &  Tsui,  T.  K.  N.  2002.  Ammonia
toxicity  in  fish.  Marine  Pollution  Bulletin,
45(1): 17-23.

Rodrigues, S. S., Navarro, R. D. & Menin, E. 2006.
Adaptações  anatômicas  da  cavidade
bucofaringiana  de  Leporinus  macrocephalus
Garavello  &  Britski  1988  (Pisces,
Characiformes,  Anostomidae)  em relação  ao
hábito alimentar. Biotemas, 19(1): 51-58.

Rodrigues,  R.  V.,  Schwarz,  M.  H.,  Delbos,  B.  C.,
Carvalho, E. L., Romano, L. A., & Sampaio,
L. A. 2011.  Acute exposure of juvenile cobia
Rachycentron canadum to nitrate induces gill,
esophageal  and brain damage.  Aquaculture,
322: 223-226.

Rodrigues, R. V., Romano, L. A., Schwarz, M. H.,
Delbos,  B.  &  Sampaio,  L.  A.  2014.  Acute
tolerance  and  histopathological  effects  of
ammonia  on  juvenile  maroon  clownfish
Premnas  biaculeatus (Block  1790).
Aquaculture Research, 45(7): 1133-1139.

Roumieh,  R.,  Barakat,  A.,  Abdelmeguid,  N.  E.,
Ghanawi, J. & Patrick Saoud, I. 2013. Acute
and chronic  effects  of  aqueous ammonia on
marbled  spinefoot  rabbitfish,  Siganus
rivulatus (Forsskål  1775).  Aquaculture
Research, 44(11): 1777-1790.

Russo, R. C., Smith, C. E. & Thurston, R. V. 1974.
Acute  toxicity  of  nitrite  to  rainbow  trout
(Salmo gairdneri).  Journal of the Fisheries
Research Board of Canada, 31: 1653–1655.

Saoud,  P.,  Naamani,  S.,  Ghanawi,  J.  & Nasser,  N.
2014.  Effects  of  acute  and  chronic  nitrite
exposure  on  rabbitfish  Siganus  rivulatus
growth,  hematological  parameters,  and  gill
histology.  Journal of Aquaculture Research
& Development, 5(6): 1-9.

Sprague,  J.  B.  1971.  Measurement  of  pollutant
toxicity  to  fish—III:  Sublethal  effects  and
“safe” concentrations. Water Research, 5(6):
245-266.

Szczepkowski, M., Szczepkowska, B. & Piotrowska,
I. 2011. Impact of higher stocking density of
juvenile  Atlantic  sturgeon,  Acipenser
oxyrinchus Mitchill,  on fish  growth,  oxygen
consumption,  and  ammonia  excretion.
Archives of Polish Fisheries, 19(2): 59-67.

Teske, A., Alm, E., Regan, J. M., Toze, S., Rittmann,
B.  E.  &  Stahl,  D.  A.  1994.  Evolutionary
relationships  among  ammonia-and  nitrite-
oxidizing bacteria.  Journal of Bacteriology,
176(21): 6623-6630.

Tomasso,  J.  R.  &  GROSELL,  M.  2005.
Physiological  basis  for  large  differences  in
resistance  to  nitrite  among  freshwater  and
freshwater-acclimated  euryhaline  fishes.
Environmental  Science  &  Technology,
39(1): 98-102.

Thurston,  R.V.,  Russo,  R.C.,  Smith,  C.E.,  1978.
Acute  toxicity  of  ammonia  and  nitrite  to
cutthroat  trout  fry.  Transactions  of  the
American Fisheries Society. 107, 361–368.

Thurston, R. V. & Russo, R. C. 1983. Acute toxicity
of ammonia to rainbow trout. Transactions of
the American Fisheries Society, 112(5): 696-
704.

Thurston, R. V., Russo, R. C. & Vinogradov, G. A.
1981.  Ammonia  toxicity  to  fishes.  Effect  of
pH on the toxicity of the unionized ammonia
species.  Environmental  Science  &
Technology, 15(7): 837-840.

UNESCO.  1983.  Chemical  methods  for  use  in
marine environmental  monitoring.  Manual
and  Guides  12,  Intergovernamental

Pan-American Journal of Aquatic Sciences (2016), 11(4): 292-300



300 D.DE SÁ BRITTO-PINTO ET AL.

Oceanographic  Commissiony.  Paris,  France.
56p.

Urrutia,  M.  L.  &  TOMASSO,  J.  R.  1987.
Acclimation  of  channel  catfish  to
environmental nitrite.  Journal of the World
Aquaculture Society, 18(3): 175-180.

Van  De  Nieuwegiessen,  P.  G.,  Boerlage,  A.  S.,
Verreth,  J.  A.  &  Schrama,  J.  W.  2008.
Assessing  the  effects  of  a  chronic  stressor,
stocking  density,  on  welfare  indicators  of
juvenile  African  catfish,  Clarias  gariepinus
Burchell.  Applied  Animal  Behaviour
Science, 115(3): 233-243.

Van  Waarde,  A.  1983.  Aerobic  and  anaerobic
ammonia  production  by  fish.  Comparative
Biochemistry  and  Physiology  Part  B:
Comparative Biochemistry, 74(4): 675-684.

Wang, W., Wang, H., Yu, C. & Jiang, Z. 2015. Acute
toxicity  of  ammonia  and  nitrite  to  different
ages  of  Pacific  cod  (Gadus  macrocephalus)
larvae.  Chemical  Speciation  &
Bioavailability, 27(4): 147-155.

Weihrauch, D.,  Wilkie, M. P. & Walsh, P. J.  2009.
Ammonia and urea transporters in gills of fish
and  aquatic  crustaceans.  Journal  of
Experimental Biology, 212(11): 1716-1730.

Wicks, B. J., Joensen, R., Tang, Q. & Randall, D. J.
2002.  Swimming  and  ammonia  toxicity  in
salmonids:  the  effect  of  sub lethal  ammonia

exposure  on  the  swimming  performance  of
coho  salmon  and  the  acute  toxicity  of
ammonia  in  swimming  and  resting  rainbow
trout. Aquatic Toxicology, 59(1): 55-69.

Williams, E. M., Nelson, J. A. & Heisler, N. 1997.
Cardio‐respiratory function in carp exposed to
environmental  nitrite.  Journal  of  Fish
Biology, 50(1): 137-149.

Wilkie,  M.  P.  &  Wood,  C.  M.  (1996).  The
adaptations  of  fish  to  extremely  alkaline
environments.  Comparative  Biochemistry
and Physiology, 113B: 665–673.

Wuertz, S., Schulze, S. G. E., Eberhardt, U., Schulz,
C. & Schroeder, J. P. 2013. Acute and chronic
nitrite toxicity in juvenile pike-perch (Sander
lucioperca) and its compensation by chloride.
Comparative Biochemistry and Physiology
Part  C:  Toxicology  &  Pharmacology,
157(4): 352-360.

Xu, J., Miao, X., Liu, Y. & Cui, S. 2005. Behavioral
response of tilapia (Oreochromis niloticus) to
acute ammonia stress monitored by computer
vision. Journal  of  Zhejiang  university
science B, 6(8): 812-816.

Zhang,  L,  Nawata,  C.  M.  &  Wood,  C.  M.  2013.
Sensitivity  of  ventilation  and  brain
metabolism to ammonia exposure in rainbow
trout,  Oncorhynchus  mykiss. Journal  of
Experimental Biology, 216(21): 4025-4037.

Received: April 2016
Accepted: September 2016

Published: January 2017

Pan-American Journal of Aquatic Sciences (2016), 11(4): 292-300


